Epidemiologic studies of co-infection with tuberculosis (TB) and intestinal parasites in humans have not been extensively investigated in China. A cross-section study was conducted in a rural county of Henan Province, China. Pulmonary TB (PTB) case-patients receiving treatment for infection with Mycobacterium tuberculosis and healthy controls matched for geographic area, age, and sex were surveyed by using questionnaires. Fecal and blood specimens were collected for detection of intestinal parasites, routine blood examination, and infection with human immunodeficiency virus. The chi-square test was used for univariate analysis and multivariate logistic regression models were used to adjust for potential confounding factors. A total of 369 persons with PTB and 366 healthy controls were included; all participants were negative for human immunodeficiency virus. The overall prevalence of intestinal parasites in persons with PTB was 14.9%, including intestinal protozoa (7.9%) and helminthes (7.6%). The infection spectrum of intestinal parasites was Entamoeba spp. (1.4%), Blastocystis hominis (6.2%), Trichomonas hominis (0.3%), Clonorchis sinensis (0.3%), Ascaris lumbricoides (0.5%), Trichuris trichiura (2.2%), and hookworm (4.6%). The prevalence of intestinal parasites showed no significant difference between persons with PTB and healthy controls after adjusting for potential confounding factors. There was no factor that affected infection rates for intestinal parasites between the two groups. Infection with intestinal parasites of persons with PTB was associated with female sex (adjusted odds ratio [AOR] = 2.05, 95% confidence interval [CI] = 1.01-4.17), body mass index 19 (AOR = 3.02, 95% CI = 1.47-6.20), and anemia (AOR = 2.43, 95% CI = 1.17-5.03). Infection of healthy controls was only associated with an annual labor time in farmlands 2 months (AOR = 4.50, 95% CI = 2.03-10.00). In addition, there was no significant trend between rates of infection with intestinal parasites and duration of receiving treatment for infection with M. tuberculosis in persons with PTB. The prevalence of intestinal parasites was not higher in persons with PTB, and there was no evidence that PTB increased susceptibility to intestinal parasites in this study. However, for patients with PTB, women and patients with comorbidities were more likely to be infected with intestinal parasites. PARASITE CO-INFECTION AMONG PULMONARY TB CASES
INTRODUCTION
Co-infection with tuberculosis (TB) and intestinal parasites in humans is one of the important public problems in co-endemic areas, especially in developing countries. For instance, 32% of hospitalized TB patients had intestinal parasites and 29% of TB patients from the community had intestinal helminths in Ethiopia. 1, 2 In China, many areas co-endemic for TB and parasitic diseases have been identified, particularly in rural areas. Approximately 0.92 million TB cases were reported in China in 2010, which accounted for approximately 15% of global TB cases, 3 and the prevalence of active pulmonary TB (PTB) was higher in rural areas than in urban areas. 4 A high burden of parasitic diseases has also been reported in rural areas of China. The infection rate for Blastocystis hominis was approximately 22% in rural central China, 5, 6 and the overall prevalence of soil-transmitted helminths was approximately 40-68% in rural southwestern and western China. 7, 8 However, there is a paucity of epidemiologic studies on co-infection with TB and intestinal parasites in China.
A study of co-infection with TB and intestinal helminths suggested that compared with TB patients or healthy con-trols (HCs), the immune response of co-infected patients to Mycobacterium tuberculosis (MTB) was decreased. 10 Clinical and laboratory-based studies showed that when the course of TB was aggravated by opisthorchiasis, clinical signs of TB became more pronounced, disorders in functions of the liver and pancreas became increased, antibacterial therapy intolerance increased, and prognosis of the disease decreased. 10, 11 Two studies found that intestinal parasitic infections might also significantly alter the protective immune response to Bacillus Calmette-Guerin vaccination. 12, 13 Therefore, it is worthwhile to explore co-infection with TB and intestinal parasites because co-infection increases the complexity of control and prevention of TB and parasitic diseases in co-endemic areas.
The present study was conducted by using a cross-section survey to evaluate the prevalence of intestinal parasites and to explore possible factors associated with infection of intestinal parasites among patients with PTB compared with the general population. For this purpose, multiple fecal specimens were examined with a series of diagnostic approaches for intestinal protozoa and helminths in a rural county of central China. At the same time, blood specimens were collected for routine examination and detection of antibodies against human immunodeficiency virus (HIV). The ultimate goal of this study was to provide some guidance on control and prevention of co-infection with TB 
MATERIALS AND METHODS
Study design. The study was conducted during July--September 2012 in Gushi County in Henan Province, which is an agricultural county in central China. All persons with PTB who were registered in the TB surveillance system during February-July 2012 and were undergoing anti-MTB treatment during July-September 2012 composed the PTB case (PC) group in this study. A PC was randomly matched with an HC individually through the local population management system. The HC had to be from the neighborhood of each PC (i.e., living in same village). The PC and HC were matched by age (±5 years) and sex. All HCs composed the HC group.
All potential participants were recruited by the local Center for Disease Control and Prevention (CDC). The participants were included in the study if they had no other disease, no severe disease of the immune system, and, if female, were not pregnant. Additionally, the HCs were confirmed not to have TB according to diagnostic criteria of National Tuberculosis Program. 14 If any persons did not satisfy the inclusion criteria, those participants were excluded from the study.
Field survey procedures. All participants were given two fecal collection containers for fecal specimen collection (at least 30 grams every day) for two consecutive mornings. On the first morning when they delivered the fecal specimen, they were administered questionnaires about sociodemographic characteristics, health conditions, hygienic habits, and labor in farmlands, and blood (10 mL) was obtained for routine examination and detection of antibodies against HIV. All investigations and specimen collections were conducted by the staff of the local CDC in the township hospitals near participants' villages. Specimens were sent to the laboratory of the local CDC for examination as soon as possible after they were collected every morning.
Laboratory procedures. Blood specimens were tested by the staff of the local CDC within 2 hours of collection for antibodies against HIV by using the diagnostic kit for antibodies against HIV (colloidal gold) (ZhuHai Livzon Diagnostics Inc., Zhuhai, China) and for routine characteristics by using a MC-600 hematology analyzer (Shenzhen Maxcom Electronic Co., Ltd., Shenzhen, China). The diagnostic threshold for anemia was a hemoglobin level 120 g/L for adult men and 110 g/L for non-pregnant women and children in China. 15 Fecal specimens were processed within 8 hours postcollection by using four standard fecal examination methods: simple saline smear for intestinal protozoa trophozoites, iodine-stained smear for protozoal intestinal cysts, in vitro cultivation for B. hominis, 16 and a modified Kato-Katz thick smear (semi-quantitative fecal examination technique for detection of helminthic ova). 17 Three smears of each fecal specimen were prepared in each method. Every smear was initially read by two examiners who were not aware of each others readings, and was reviewed by a third examiner if there was disagreement. Fecal specimen examinations were conducted by staff from the National Institute of Parasitic Diseases of the China CDC and staff from Henan Province CDC and the Anhui Province Institute of Parasitic Diseases Control.
Statistical analysis. Data were double-entered and crosschecked by using the EpiData software version 3.1 (The EpiData Association, Odense, Denmark). Infection rates with 95% confidence intervals (CIs) of intestinal parasites were calculated by using binomial distribution. Infection rates between the PC group and the HC group were compared and stratified by characteristics of participants to determine whether some related factors had any impact on the infection rates of two groups.
In addition, we further examined risk factors related to the infection rate of each group and the impact of anti-MTB treatment on infections in the PC group. The Wilcoxon ranksum test was used for the analysis of quantitative data that did not show a normal distribution. Univariate analysis using the chi-square test was conducted for computing odds ratios (ORs) with 95% CIs, and multivariate logistic regression was used to estimate the adjusted ORs with 95% CIs. Factors included in multivariate logistic regression were sociodemographic characteristics, concomitant medical conditions, hygienic habits when cooking, eating, walking, washing hands, raising animals, and labor in farmlands. A two-sided P value 0.05 was regarded as significant. Statistical analyses were performed by using the SAS statistical package version 9.2 (SAS Institute, Inc., Cary, NC).
Ethical statement. This study was reviewed and approved by the Ethics Review Committee of the National Institute of Parasitic Diseases of the China CDC. According to arrangements made by the local CDC, authorities of township hospitals informed health workers at clinics of villages about the study procedures. Health workers then informed all potential participants and carefully explained the objectives, procedures, and potential risks of the study. Persons who agreed to participate in the study were asked to sign a written informed consent form by the staff of the local CDC, and were then included in the study if they met the inclusion criteria. If participants were less than 18 years of age, their parents were asked to sign a written parental permission form. All participants were offered professional counseling by the staff of the local CDC before and during the study, and all diagnostic test results were kept strictly confidential. At completion of the study and in accordance with local treatment policies, antiparasitic treatment was offered through the local CDC at no charge to all participants who were found to be infected with intestinal parasites.
RESULTS
Study cohort. There were 1,150 potential participants (575 PCs and 575 HCs). Among PCs, 165 worked outside their home villages, 16 refused to participate in the study, 3 had lung cancer, and 2 died. Among HCs, 149 worked outside their home villages and 17 refused to participate in the study. Therefore, 389 PCs and 409 HCs participated in the study. After exclusion of participants whose fecal or blood specimens were not collected or who had not completed the questionnaires, 369 PCs and 366 HCs were included in the study (Figure 1 ). Of 575 PCs, all those excluded (median age = 53 years, interquartile range [IQR] = 31-66 years) were significantly younger (P 0.0001) than those included in the study (median age = 62 years, IQR = 50-70 years), which was similar to age of the HCs.
Characteristics of participants. Although most characteristics of participants in the two groups were similar in terms of sociodemographic characteristics, health conditions, hygienic habits, and labor in farmlands, there were some notable differences (Table 1) . Body mass index (BMI) (median = 19, IQR = 18-20 versus median = 20, IQR = 18-23) and annual labor time in farmlands (median = 2 months, IQR = 0-3 months versus median = 3 months, IQR = 1-4 months) were generally lower (P 0.001) in the PC group than in the HC group. However, proportions of persons never or occasionally washing fruits and vegetables before eating raw (51.0% versus 42.1%), ever walking barefoot (56.1% versus 45.4%), never or occasionally washing hands before meals (39.8% versus 28.4%), and never or occasionally washing hands after defecating (45.5% versus 29.0%) were significantly higher (P 0.05) in the PC group than in the HC group. All participants were HIV negative.
Clinical information for PCs. In the PC group, 46.1% (170 of 369) of the patients had PTB involving only one lobe, 39.8% (147 of 369) had PTB involving two lobes, and 14.1% (52 of 369) had PTB involving more than two lobes. Of the PCs, 9.5% (35 of 369) had pulmonary cavitations and 49.6% (183 of 369) were sputum smear positive. All PCs had no extra-pulmonary disease.
Parasitic infections. Because some characteristics differed between the PC group and the HC group, we compared infection rates of intestinal protozoa and helminths between two groups adjusted by characteristics to control for confounding factors ( Table 2) . Among the PC group, the overall prevalence of intestinal parasites was 14.9% (95% CI = 11.4-19.0%), including 7.9% (95% CI = 5.3-11.1%) with intestinal protozoa, 7.6% (95% = CI 5.1-10.8%) with helminthes, 1.4% (95% CI = 0.4-3.1%) with Entamoeba spp., 6.2% (95% CI = 4.0-9.2%) with B. hominis, 0.3% (95% CI = 0.3-1.5%) with Trichomonas hominis, 0.3% (95% CI = 0.3-1.5%) with Clonorchis sinensis, 0.5% (95% CI = 0.1-1.9%) with Ascaris lumbricoides, 2.2% (95% CI = 0.9-4.2%) with Trichuris trichiura, and 4.6% (95% CI = 2.7-7.3%) with hookworm.
Although the absolute infection rate for hookworm was higher and those of other parasites were lower in the PC group than in the HC group, the infection rates of all intestinal parasites between two groups were similar.
Effect of participant characteristics on parasitic infection rates. Overall infection rates of intestinal parasites stratified by characteristics between two groups were compared, and comparisons were adjusted by characteristics to control for confounding (Table 3 ). However, there was no single characteristic affecting the overall infection rates of intestinal parasites between two groups. For each group, the risk factors for overall infections of intestinal parasites were identified (Table 4 ). For the PC group, female sex (adjusted OR = 2.05, 95% CI = 1.01-4.17), BMI 19 (adjusted OR = 3.02, 95% CI = 1.47-6.20), and anemia (adjusted OR = 2.43, 95% CI = 1.17-5.03) were the risk factors associated with overall infections. For the HC group, annual labor time in farmlands 2 months (adjusted OR = 4.50, 95% CI = 2.03-10.00) was only the risk factor associated with overall infections.
Effect of anti-MTB treatment on parasitic infection rates. Overall prevalence of intestinal parasites was calculated for the PC group and stratified by duration of anti-MTB treatment. The infection rate of PCs during first month of treatment was compared with those of PCs during the second through sixth months of treatment, in which comparisons were adjusted by characteristics to control for confounding ( Table 5 ). Compared with PCs during the first month of treatment, PCs during the second through sixth months of treatment had similar infection rates of intestinal parasites. There was no significant trend between infection rates and duration of treatment (chi-square for trend = 0.23, P = 0.6281).
DISCUSSION
The prevalence of intestinal parasite infections among HCs and infection spectrum of intestinal parasites for B. hominis of 7.6%, hookworm of 4.1%, T. trichiura of 3.6%, Entamoeba spp. of 2.2%, and A. lumbricoides of 1.4% in this study was different from that reported in a previous study also conducted in a rural area of central China in 2008, in which prevalence of B. hominis, hookworm, and Cryptosporidium spp. were 22.1%, 4.3%, and 3.0%, respectively. 5 Although it was not possible to obviate the impact of participants' sociodemographic characteristics on the difference of infection spectrum between two studies, both findings indicated that infection rates of intestinal parasites in humans were lower in central China than in southern and western China, where infection rates were 40%. 7, 8 Previous studies focusing only on the effect of helminth infections on TB suggested that helminth infections may be the risk factor for active PTB in addition to HIV infection, 18 as well as have a negative influence on human immunity against TB. 9, 19 However, a review showed that PTB and parasitic diseases were shown to be risk factors for each other. 20 Therefore, TB was hypothesized to also increase the risk of intestinal parasite infections. This hypothesis was not supported by results of this study, in which infection rates of intestinal parasites between PCs and HCs were similar. However, in a survey in Ethiopia, PTB patients had higher infection rates with Giardia intestinalis and Strongyloides stercoralis than persons without PTB. 1 The prevalence of intestinal parasites was relatively low in this study, and this may be one of the factors that contribute to the nonsignificant differences in the prevalence of intestinal parasites among PCs and HCs. Contrary to similar infection rates, PCs were more likely to walk barefoot, never or occasionally wash fruits and vegetables before eating raw, and never or occasionally wash hands before meals and after defecating than HCs in this study, most of which were risk factors for intestinal parasite infections. 21 Therefore, it is worthwhile to further investigate the findings of this study.
Tian and others 5 estimated that the absence of differences in intestinal parasite infections between HIV-positive and HIV-negative persons might have been the result of enhanced attention to health education, which improved the healthrelated attitudes and behaviors of HIV-positive persons. However, health education did not show any improvement in health-related behaviors of PCs in this study because they were more likely to have poor hygiene habits than HCs. We did not find any factors that affected infection rates of intestinal parasites between PCs and HCs, which suggested that protective and risk factors for infection were possibly equal or comparable between two groups. Therefore, we estimated that PCs possibly decreased life-related behaviors that increased risks of exposure to intestinal parasites.
We found that more than two months a year of labor time in farmlands was a risk factor for intestinal parasitic infections only in HCs. Other studies also showed that labor in farmlands likely increased the risks of exposure to intestinal parasites. 22 Labor time in farmlands can be regarded as an indicator of life-related behaviors in rural areas. We also found that annual labor time in farmlands was shorter in PCs than in HCs, which is consistent with the suggestion that persons with PTB should decrease activity and increase rest time during anti-MTB treatment. 23 Therefore, we assumed that compared with HCs, the risk effect on infection with intestinal parasites caused by weight loss and anemia was decreased by less life-related behaviors of exposure to intestinal parasites in PCs. For PCs, women were more likely to be infected with intestinal parasites in this study. Under the precondition of shorter annual labor time in farmlands for PCs, it was assumed that as the rural tradition in China, women did more housework than men, which might increase risk of women for exposure to intestinal parasites. Similar findings were reported by Aimpun and Hshieh 24 in Belize, where women had more exposure to hookworm infection than men because most women worked at home and did not wear shoes.
The common clinical presentation of TB is weight loss, 25 which was seen in this study with lower BMI in PCs than HCs. According to the conclusions of a study that showed that weight loss was related to impaired immune responses in TB patients, 26 the finding in this study that being underweight (BMI 19) was associated with the intestinal parasitic infections only in PCs indicated that weight loss increased the risk of parasitic infection in persons with TB. The prevalence of anemia was 22-23% in this study and it was 35% in a study also conducted in rural area of central China, 27 which suggested that approximately 20-33% of the population in rural area of central China is at risk of malnutrition. We found that anemia was strongly associated with infection of intestinal parasites for PCs. However, further investigation may be needed to determine the chrono-logic sequela of anemia, PTB, and intestinal parasitic diseases because PTB and intestinal parasitic diseases are debilitating diseases and often spread in poor areas in populations with malnutrition. [28] [29] [30] In China, the main regimen of anti-MTB treatment is combined use of isoniazid, rifampicin, pyrazinamide, ethambutol, and streptomycin or their derivatives. 14 Many studies have shown that one or more of these drugs had a significant in vivo effect against Leishmania spp., 31, 32 Plasmodium spp., 33, 34 Toxoplasma gondii, 35 Wuchereria bancrofti, 36 Brugia malayi, 37 Onchocerca gutturosa, 38 and Onchocerca lienalis and Brugia pahangi. 39 However, we did not find evidence that anti-MTB drugs effected intestinal parasites, which was consistent with the finding in this study that anti-MTB treatment did not influence the infection rates of intestinal parasites in PCs. One limitation of this study was that excluded participants were generally younger than those included in this study because most middle age persons worked away from home in the rural county and their children who stayed in their hometowns for school went to the cities where they worked and reunited with them during the summer holidays. Currently, the main trend of population flow in China is that a large number of the middle-aged populations in rural areas migrate to the cities to seek work. There were approximately 0.23 billion migrants with average age of approximately 28 years old in China in 2011. 40 Therefore, we had to accept the limitation of age difference between the excluded and included participants. However, this limitation probably did not affect findings in this study because migrant populations spend time in their places of residence and usually are not a part of rural populations.
In conclusion, although PCs had poorer hygiene habits and shorter labor time in farmlands than HCs, they had similar infection rates for intestinal protozoa and helminths with HCs. No single factor was found in this study to affect infection rates between two groups. Infection of PCs was associated with female sex, low BMI, and anemia, and infection of HCs was associated only with more labor time in farmlands. Anti-MTB treatment did not influence infection rates of PCs.
